In this work, we explore the possibility of using the Wesenheit function to derive individual distances to Galactic Cepheids, as the dispersion of the reddening free Wesenheit function is smaller than the optical period-luminosity (P-L) relation. When compared to the distances from various methods, the averaged differences between our results and published distances range from −0.061 to 0.009, suggesting that the Wesenheit function can be used to derive individual Cepheid distances. We have also constructed Galactic P-L relations and selected Wesenheit functions based on the derived distances. A by-product from this work is the derivation of Large Magellanic Cloud distance modulus when calibrating the Wesenheit function. It is found to be 18.531 ± 0.043 mag.
1. INTRODUCTION Period-luminosity (P-L, also known as the Leavitt Law) relations based on classical Cepheids in our Galaxy, referred as the Galactic Cepheids, are important in distance scale work as well as in constraining the stellar pulsation and evolution calculations. Determining the P-L relations for Galactic Cepheids requires the measurement of distance to individual Cepheids. In contrast to extra-galactic Cepheids where the distance to the host galaxy can be obtained via independent means, there are only a limited number of methods to determine distances to Galactic Cepheids (for example, see Stothers 1983; Feast & Walker 1987; Walker 1988; Wilson et al. 1991; Feast 1999; Di Benedetto 2002; Feast 2003; Fouqué et al. 2003; Tammann et al. 2003; Ngeow & Kanbur 2004; Fouqué et al. 2007; Turner 2010 , and reference therein). These methods include: (1) direct parallax measurements from Hipparcos and Hubble Space Telescope (HST); (2) main-sequence fitting to the open clusters or associations that host Cepheids; (3) Baade-Wesselink (BW) expanding photosphere techniques that combining the integration of radial velocity and angular diameter displacements measured from surface brightness relations, interferometric measurements or semi-theoretical approach; and (4) statistical parallax method that utilizes motions of Cepheids along the Galactic plane. Once the distances to a number of Galactic Cepheids have been measured using these methods, or a combination of them, Galactic P-L relations and the period-luminosity-color (P-L-C) relation can be calibrated.
The calibrated P-L and P-L-C relations can then be used to derive distances to a larger number of Galactic Cepheids. This in turn can be used, for example, to investigate the structure and kinematics of our Galaxy (see, for example, Stibbs 1956; Kraft & Schmidt 1963; Fernie 1968; Takase 1970; Efremov et al. 1981; Caldwell & Coulson 1987; Opolski 1988; Pont et al. 1994; Zhu 1999; Majaess et al. 2009 ) and mapping out the Galactic metallicity gradient or distribution (see, for example, Giridhar 1983; Andrievsky et al. 2002 Andrievsky et al. , 2004 Kovtyukh et al. 2005; Luck et al. 2006; Yong et al. 2006; Lemasle et al. 2007 Lemasle et al. , 2008 Pedicelli et al. 2009; Luck & Lambert 2011) . However, values of extinction need to be assumed or adopted for the individual Cepheids before deriving their distances using the P-L and/or P-L-C relations.
In this work, we examine the possibility of using the Wesenheit function (Brodie & Madore 1980; Madore 1982; Moffett & Barnes 1986; Madore & Freedman 1991; Kovacs & Jurcsik 1997; Caputo et al. 2000; Kovács & Walker 2001; Leonard et al. 2003; Ngeow & Kanbur 2005; Fiorentino et al. 2007; Bono et al. 2008 Bono et al. , 2010 to derive distances to individual Galactic Cepheids. This is because the intrinsic dispersion of P-L relations is on the order of ∼ 0.2 mag in the optical, hence the distance measured from using the P-L relations will suffer a systematic error of the same order. In contrast, the dispersion of the Wesenheit function is greatly reduced (Fiorentino et al. 2007; Madore & Freedman 2009) , as has been shown from the Large Magellanic Cloud (LMC) Cepheids: it is ∼ 2 to ∼ 3 times smaller as compared to the optical P-L relations (Tanvir 1999; Udalski et al. 1999; Fouqué et al. 2007; Soszyński et al. 2008a; Ngeow et al. 2009 ). This can reduce the systematic error in derived distances. Furthermore, in order to correct for extinction, application of both the P-L and P-L-C relations require the estimation or determination of E(B − V ) values for each Cepheids. On the other hand, the Wesenheit function is reddening-free by construction (Freedman 1988; Madore & Freedman 1991) .
Hence the total systematic error of the derived distance does not include the extinction error when using the Wesenheit function.
Using the Wesenheit function to derive distance to Galactic Cepheids has been suggested by Opolski (1983) . The calibration of the Wesenheit function given in Opolski (1983) , however, was based on 19 Cepheids located in open clusters or associations by setting the distance modulus of Hyades to be 3.31mag, with a rather large dispersion of 0.158 mag. Since then, large sets of photometric data from modern CCD measurements become available for the Galactic Cepheids. In addition, better independent distance measurements to a larger number of Galactic Cepheids, using varies techniques as Ngeow mentioned previously, are available in the literature (for example, high quality parallax measurements are available for 10 Cepheids based on HST observations, see Benedict et al. 2007) . Therefore, the goal of this work is to examine the use of the Wesenheit function in deriving distances to Galactic Cepheids by taking advantage of these latest developments (see Fiorentino et al. 2007 , for a similar approach).
DISTANCES TO GALACTIC CEPHEIDS USING
THE WESENHEIT FUNCTION The Wesenheit function can be defined in various bandpass and filter combinations (for example, see Ngeow & Kanbur 2005 , and reference therein). In this work, we only adopt the Wesenheit function in the form of W = I − 1.55(V − I), because it has been demonstrated that the V I band based Wesenheit function is insensitive to metallicity (see, for example, Majaess et al. 2011) , although an opposite result has been found in Storm et al. (2011b) . Nevertheless, as discussed in Section 4, we assume the adopted Wesenheit function is insensitive to metallicity. The Wesenheit function used in this work is adopted from Ngeow et al. (2009) : W = −3.313 log(P ) + 15.892, with a dispersion of 0.069 mag. This Wesenheit function is derived from ∼ 1500 LMC fundamental mode Cepheids. Therefore, the intercept needs to be calibrated. This is equivalent to derive the distance modulus to LMC. Assuming that our Wesenheit function is applicable to Galactic Cepheids, then the 10 Galactic Cepheids with parallax measurements from HST (Benedict et al. 2007 ) can used to calibrate the Wesenheit function. Based on these calibrators, the distance modulus of LMC was found to be 18.531 ± 0.043 mag. Therefore, distance moduli to Galactic Cepheids can be found using the following equation:
µ W = I − 1.55(V − I) + 3.313 log(P ) + 2.639, (1) where one only needs to know the pulsating period, P , and the V I band intensity mean magnitudes (the I band is in Cousin system) for a given Cepheid. Error on µ W is taken to be σ W = (0.069) 2 + (0.043) 2 = 0.081 mag.
A sample of Galactic Cepheids that have V I band intensity mean magnitudes was compiled from Berdnikov et al. (2000) , with updated intensity mean magnitudes adopted from van Leeuwen et al. (2007) . Additional Cepheids or the missing V I band intensity mean magnitudes were added from the following sources: Groenewegen (1999), Lanoix et al. (1999) , Sandage et al. (1999) , Tammann et al. (2003) , Fouqué et al. (2007) and van Leeuwen et al. (2007) . In addition, B-and R-band (in Cousin system) intensity mean magnitudes were available for 387 and 334 Cepheids, respectively, from the cited reference. Finally, JHK band intensity mean magnitudes in SAAO (South African Astronomical Observatory) system are available for 229 Cepheids from van Leeuwen et al. (2007) . They were converted to 2MASS (Two-Micron All Sky Survey, Skrutskie et al. 2006 ) systems using the color transformation equations given on the 2MASS Web site 1 . Ac-cording to GCVS (General Catalog of Variable Stars, Samus et al. 2009 ), our sample includes 322 Cepheids that are classified as DCEP 2 , 34 of them are classified as CEP and 37 are classified as DCEPS. The BV RIJHK band intensity mean magnitudes and the distance moduli calculated from equation (1) for these Cepheids are summarized in Table 1 .
Extinction and metallicity for these Cepheids are also compiled in Table 1 when available. For extinction corrections, E(B − V ) values taken from Fernie et al. (1995) 3 were scaled with a scale factor suggested by Tammann et al. (2003, that is, E(B − V ) = 0.951 × E(B − V ) Fernie ). E(B − V ) for 10 Cepheids, which do not have the entries from Fernie et al. (1995) , were taken from either Fouqué et al. (2007) or van Leeuwen et al. (2007) . The final adopted E(B − V ) values were listed in Table 1 Fry & Carney (1997, QZ Nor) . Metallicities from other publications are transformed to Luck & Lambert (2011) system by calculating the mean difference of the metallicity for common Cepheids, and the results are summarized in Table 1 . The transformed metallicity and those from Luck & Lambert (2011) are listed in Table 1 (when available) . Metallicity for Polaris is available in Andrievsky et al. (1994) , thought it is not included in Table 1 .
Comparison to Published Results
To validate the use of Wesenheit function in deriving distance to individual Galactic Cepheids, distance moduli calculated from equation (1) can be compared to Galactic Cepheids that possess independent distance measurements available recently in literature.
We first compared our distances to the Cepheids that have Hipparcos parallax measurements. Comparison of the parallaxes, measured in milli-arcsecond (mas), for 223 common Cepheids listed in van Leeuwen et al. (2007) and Table 1 is shown in left panel of Figure 1 . For the 14 Cepheids listed in Table 2 of van Leeuwen et al. (2007) , right panel of Figure 1 presents the comparison of Hipparcos parallaxes and the parallaxes based on distance moduli calculated using equation (1). van Leeuwen et al. (2007) has pointed out that Y Sgr shows a discrepancy between the Hipparcos parallax and HST parallax given in Benedict et al. (2007) . Another Cepheid that shows a large discrepancy between Hipparcos and HST parallax is RT Aur (−0.23 mas versus 2.40 mas). Our parallaxes of 2.05 ± 0.08 mas and 2.13 ± 0.08 mas for Y Sgr and RT Aur, respectively, favor the parallax measured from HST. Two additional Cepheids, β Dor and T Vul, show a difference of 0.58 mas between Hipparcos parallaxes and our parallaxes. These four Cepheids were excluded in comparison. On the other hands, excellent agreement has been found between Hipparcos (7.72 ± 0.12 mas) and our parallax (7.71 ± 0.29 mas) for Polaris (α UMi). Parallaxes from Hipparcos were converted to distance moduli with Lutz-Kelker cor-2 Both V1154 Cyg (Szabó et al. 2011 ) and FF Aql (Marengo et al. 2010 ) are updated to DCEP in this work.
3 Available at http://www.astro.utoronto.ca/DDO/research/cepheids/ rections given in Table 2 of van Leeuwen et al. (2007) , and compared to the distance moduli given in Table 1 . The weighted mean difference 4 of these 10 Cepheids is −0.014 ± 0.056, with a standard deviation (σ) of 0.229.
Latest Cepheid distances using BW infrared surface brightness (IRSB) method have been published in Fouqué et al. (2007) , Groenewegen (2008) and Storm et al. (2011a) . For Fouqué et al. (2007) sample, 10 Cepheids with low quality in distance measurements or being rejected by Fouqué et al. (2007) were excluded 5 . X Lac was also excluded as the distance modulus for this Cepheid (12.159 ± 0.293) is very different from the distance modulus given in Table 1 (10.783) or from Groenewegen (2008, 10 .891 ± 0.157). The weighted mean difference of the distance moduli for this sample is −0.025 ± 0.019 (σ = 0.190). For Groenewegen (2008) sample, the weighted mean difference is −0.055 ± 0.016 (σ = 0.244). For Storm et al. (2011a) sample, after excluding W Sgr (which is also excluded in Storm et al. 2011a ) that shows a large difference between the HST parallax distance and the distance from IRSB, the weighted mean difference is −0.018 ± 0.011 (σ = 0.242). Finally, IRSB distances to four metal rich Cepheids are available from Pedicelli et al. (2010) , with a negligible weighted mean difference of 0.009 ± 0.085 (σ = 0.088). Comparisons of the distance moduli for these four samples are shown in Figure 2 .
Recent Cepheid distance measurements based on mainsequence fitting to open clusters and associations that host Cepheids have been compiled in Turner (2010) . Three Cepheids (α UMi, SU Cas & S Vul) that show discrepancy between distances from main-sequence fitting and other distance indicators, either from Hipparcos parallax (for α UMi) or IRSB technique, were excluded. TW Nor was further rejected as the difference in distance modulus from Table 1 and Turner (2010) is more than 0.5 mag. For the remaining Cepheids, the weighted mean difference in distance moduli is −0.061 ± 0.025 (σ = 0.167). Figure 3 presents the comparison of the distance moduli for this sample of Cepheids. Figure 4 shows the difference in distance moduli as a function of [Fe/H] for individual Cepheids from the samples considered previously. No obvious dependence has been found between the difference in distance moduli, calculated from equation (1) and the published results, and the metallicity for individual Cepheids.
Using a sample of Cepheids that have [Fe/H] from Table 1, it is straight forward to derive the Galactic metallicity gradient. The Galactocentric distances were calculated using R 
THE GALACTIC PERIOD-LUMINOSITY RELATIONS AND WESENHEIT FUNCTIONS
It is straight forward to derive the Galactic P-L relations using the data and distance moduli given in Table 1. For the 28 Cepheids that do not have E(B − V ) values are not used in deriving the P-L relations. Total-to-selective absorption ratios were adopted from Fouqué et al. (2007) as follow: R {B, V, R, I, J, H, K} = {4.23, 3.23, 2.73, 1.96, 0.94, 0.58, 0.38}. Finally, Spitzer IRAC and MIPS band photometry were available from Marengo et al. (2010) for 29 Cepheids.
Extinction is ignored for the midinfrared band photometry, as it is negligible at these wavelengths (Freedman et al. 2008; Ngeow & Kanbur 2008; Ngeow et al. 2009; Freedman & Madore 2010; Freedman et al. 2011) . The 70µm band photometric data are not considered in this work, as most of them only have upper limits in flux. The multi-band P-L relations are presented in Figure 5 to 8.
A clear outlier, V396 Cyg, is shown up in Figure 5 . Based on its location in P-L plane, it is possible that this Cepheid is a type II Cepheid, and not a classical population I Cepheid. Wesenheit function can be used to disentangle type II Cepheids from the classical Cepheids (for example, see Soszyński et al. 2008b , their Figure 1 ). For Wesenheit functions in the form of W BV = V − 3.23(B − V ) and W RI = I − 2.55(R − I), the Wesenheit magnitudes of this outlier is ∼ 0.69mag(= 4.1σ, where σ is the dispersion of the fitted Wesenheit function) and ∼ 0.36mag(= 2.7σ), respectively, fainter from the ridge line of the fitted Wesenheit function given in Table 4 . Therefore, it is inconclusive whether this outlier should be type II or classical Cepheid. Another possible explanation is that the published extinction value, E(B − V ) = 1.092, for this outlier is underestimated. A higher value of E(B − V ) ∼ 1.5 can bring a better agreement for its absolute magnitudes to other Cepheids with similar periods. Detailed investigation of this Cepheid is beyond the scope of this paper, but nevertheless it is clear that this Cepheid should be excluded when fitting the P-L relations. For remaining Cepheids, the fitted multi-band P-L relations are summarized in Table 3 . Slopes and intercepts of these P-L relations as a function of wavelengths were presented in Figure 9 . Both the P-L slopes and intercepts monotonically decrease from B to K band (except for J band P-L slope with DCEPS Cepheids), and approach an asymptotic value in the midinfrared. The "dip" around 4.5µm and 5.8µm band P-L slopes is interpreted as due to the CO absorption that affecting this band (Marengo et al. 2010) . Data in Table 1 can also be used to derive the Galactic Wesenheit functions in other bandpass and color combinations (except for the V I bands). A number of selected Wesenheit functions involving BRJHK bands are presented in Table 4 .
6 Wesenheit function in the from of 6 Other forms of Wesenheit functions is straight forward to derive W = H − 0.41(V − I), adopted by the SH0ES team (Riess et al. 2011) , is also included in Table 4 . For Wesenheit function involved B band, the dispersion of the relation is largest with steepest slope, which is consistent with the results found in Bono et al. (2010) . The dispersions of the JHK band based Wesenheit functions, on the other hand, are in the order of ∼ 0.1 and smaller, suggesting they could also be used in future distance scale work. It is worth to point out that Wesenheit function in the form of W = J − 0.74(V − I), based on DCEP and CEP Cepheids, has a dispersion of 0.057, about 17% smaller than the V I band based Wesenheit function adopted in this work.
4. DISCUSSION AND CONCLUSION In conclusion, mean differences between the distance moduli given in literature and those calculated from equation (1) range from negligible to about 6 per-cent, depending on the samples and the methods used to derive independent distances to the Galactic Cepheids. However, various assumptions have been made when deriving these independent distances. For example, certain expression of the p-factors (to covert radial velocities to pulsational velocities) need to be adopted when applying the BW type analysis. In contrast, equation (1) is assumed to be applicable to Galactic Cepheids, though the relation is derived from LMC Cepheids. Good agreement between the 10 Cepheids with Hipparcos parallaxes and the distance calculated from equation (1) suggested that the Wesenheit function used in this work is not sensitive, or mildly sensitive, to metallicity. This is also supported by recent empirical work presented in Bono et al. (2010, and reference therein) , showing the empirical slopes of the Wesenheit functions for both metal poor and metal rich galaxies are consistent with the LMC Wesenheit slopes. Majaess et al. (2011) have also demonstrated that the distance moduli to Magellanic Clouds would be significantly disagreement with the canonical values if adopting a strong metallicity from Table 1 , hence they are not included here. correction to V I band based Wesenheit function. In terms of theoretical works, Fiorentino et al. (2007) and Bono et al. (2008) also found a weak or mild dependence of V I band based Wesenheit function on metallicity. Other advantages of using the V I band based Wesenheit function, in addition to being reddening-free by definition, include the smaller dispersion of the relation, being linear (Marconi et al. 2005; Ngeow & Kanbur 2005; Fiorentino et al. 2007; Madore & Freedman 2009; Ngeow et al. 2009; Bono et al. 2010) , and only need the V I band mean magnitudes and periods of the Cepheids. Certainly, the verification of the distance moduli given in Table 1 and the use of Wesenheit function in deriving distances relies on the parallaxes measured from Gaia.
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